Introduction 35
Mountain glaciers are an essential part of the cryosphere. As high-altitude reservoirs, 36 they are vital solid-water resources (Immerzeel et al., 2010) . Glacier fluctuations 37 represent an integration of changes in the energy balance and are well recognized 38 as high-confidence indicators of climate change (Bojinski et al., 2014) . Satellite and 39 in-situ observations of changes in the glacial area, length and mass show a global 40 coherence of continued mountain-glacier recession in the last three decades with 41 only a few exceptions (Zemp et al., 2015) . For the Sawir Mountains, the ablation of 42 the glaciers is more intense, and the total area of the glaciers reduced by 10.51 km2 43 and the total length retreated by 45.72% from 1977 to 2017 (Wang et al., 2019) . The 44 accelerated retreat of glaciers not only causes spatial and temporal changes in water 45 resources, but also has a significant impact on sea level rise, regional water cycles, 46 ecosystems and socio-economic systems (such as agriculture, hydropower and 47 tourism). The melting of glaciers also increases the occurrence of glacial disasters, 48 such as glacial lake outburst flooding, icefalls and glacial debris flows. glacier with an area of 3.13 km2 and a length of 3.2 km in 2016, located on the 72 northern side of the Sawir Mountains ( Figure 1 ). Its elevation from the terminus to 73 the highest point ranges from 3137 m to 3818 m a.s.l. and its ice volume is 0.28 km3 74 with an average ice thickness of 66 m (Wang et al., 2018) . is downloaded from the website https://www.naturalearthdata.com/ and the outline of the glacier is 78 sourced in Guo et al. (2015) .
80
The general circulation over the study area is featured by the prevailing westerlies 81 interacting with the Asian anticyclone and polar air mass in winter (Panagiotopoulos 82 et al., 2005) . At the Jimunai Meteorological Station (984 m a.s.l.), 46 km northeast of 83 the Muz Taw Glacier, the annual mean air temperature measured was 4.27 °C; the 84 annual mean precipitation was 212 mm during 1961-2016, and the winter 85 precipitation accounted for 10% -30% of the annual total. Muz Taw Glacier was -975 ~ -1286 mm w.e., and the annual equilibrium line of the 93 glacier was approximately 3400 m a.s.l. (Song, 2019) . 94 95 3 Field Experiments and measurements 96
Artificial-precipitation experiment 97
We used a WR-08X digital radar system (Wuxi Leyoung Electronics Technology Co., 
The effects of AP on surface albedo 204
Glacier albedo is highly sensitive to snowfall. Once a snowfall occurs, it will quickly 205 whiten the surface of the glacier and increase the albedo. Figure 6 shows the 206 surface albedo of the Muz Taw Glacier at different locations before and after the 207 artificial-precipitation experiments. We observed that the surface albedo at the sites 208 varied from relative flatness (e.g., at site I and site III) to more significant fluctuations 209 (e.g., at site XII and site VII) between 18 and 24 August. this area was located near the equilibrium line (EL), it was highly sensitive to air 221 temperature and precipitation. Artificial precipitation frequently transited the surface 222 from ice to snow, and air temperature turned the surface inversely from snow to ice, 223 and thus dramatic changes in albedo occurred. At sites XIII and XIV, which are much 224 higher than the EL, the overall albedo exceeded 0.4 and rose up to 0.8. We 225 observed a slightly increasing trend in albedo at these two sites (XIII and XIV), 226 suggesting that the surface was covered by relatively lasting snow owing to APs. 227 228
The varying MBs responding to the APs 229
To study the effects of the APs on the MB of the glacier, we calculated the MBs 230 measured by the stakes. The stakes in a group (A to I) were roughly along the 231 altitude contour (Figure 4) , and the correspondingly measure MBs of the same group 232 were averaged (Figure 7) . The negative MBs decrease with the altitudes from ~ -233 400 mm w.e. at 3100 m to ~ -100 mm w.e. around the EL measured by the stakes 234 before the APs, and from ~ -300 mm w.e. to ~ -100 mm w.e. after the APs. The 235
APs gained the mass of 41 ± 15 mm w.e. on average for the Muz Taw Glacier. The 236 average mass gain after the APs (18 Aug -24 Aug) accounted for 17% of the 237 average loss before the APs (12 Aug -18 Aug). The mass gain is more significant in 238 the part lower than the EL while less around and above the EL. 239
240
We compare the positively accumulative temperatures (in brief PAT = ∑ =1 , is 241 the number of days, and is the daily averaged temperature), the amounts of 242 precipitations, and the surface albedo of the measurements from 12 to 18 August (t1) 243 and from 18 to 24 August (t2) ( Table 1) , respectively. The two periods represent the 244 time before and after the APs, respectively. The estimated MBs after interpolating 245 the stake MBs to the whole glacier during t1 and t2 were -61.4 mm w.e. and -37.2 246 mm w.e., respectively. Although the PAT was higher during t2, the mass loss of the 247 glacier was 40% lower than t1. More precipitation and higher albedo resulting from 248 the APs during t2 can explain the less mass loss. Therefore, artificial precipitations Here we hypothesize a mechanism by which APs mitigate a glacier's melting. The 260
APs influence a glacier's MB in three possible aspects, by snow (1), rainfall (2) and 261 forming clouds (3), respectively (Figure 8 ). 
266
In the air temperature lower than 2 °C, the AP promotes the form of snow which 267 directly adds mass onto the glacier and increases the MB of the glacier and thereby 268 albedo; the snow cools the surface by energy exchange and increases the surface 269 albedo; the increased albedo will decrease the solar radiation absorption in the 270 surface and favour retaining the MB which will, in turn, save the albedo; and 271 eventually the whole process forms a positive feedback (Aspect 1 in Figure 8) . 272
273
When the air temperature is higher than 2 °C during the AP experiment, rain will fall 274 onto the surface, warm the surface by energy exchange and cause its erosion 275 physically and thermal-dynamically, leading the mass loss (Schneider et al., 2007) ; 276 the eroded surface decreases its albedo, which increases the solar radiation 277 absorption, favours the melting and trends the negative MB; the albedo of the losing-278 mass glacier will decrease; and therefore the complete process forms a positive 279 feedback too (Aspect 2 in Figure 8) . The AP experiments gained the mass of 41 ± 15 mm w.e. on average for the Muz 296
Taw Glacier, accounting for 17% of the total loss before the APs (12 Aug -18 Aug). 297
The mass gain was more significant in the area below the EL; while around and 298 above the EL, it was not apparent. By interpolating the measurements of MB by the 299 stakes to the whole glacier, we get a mass balance of -61 mm w.e. for the period of 300 12 -18 Aug and -37 mm w.e. for the period of 18 -24 Aug, respectively. The AP 301 experiments reduced the mass loss of the glacier by ~ 40%, although the PAT during 302 the latter period was higher than the former. 303
304
We also propose a possible mechanism describing the role of precipitation in 305 mitigating the melting of the glacier. The mechanism determines that the 306 environmental temperature and the form of precipitation, and clouds are the two 307 main factors resulting in the mass gain and loss of a glacier. Mechanical erosion, 308 energy exchange (thermal-dynamic) and albedo-induced radiation absorption play 309 major roles in the process of mass varying. This hypothesized mechanism is 310 preliminary and needs more measurements to consolidate in future. 311 312
